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Abstract 
This work presents the evaluation of a practical experience on noise pollution based on the use 
of smartphones to check if it helps students to better understand the concepts related to this 
phenomenon. This evaluation has been done with a pre-post design in which 112 students, 
enrolled in the “Physics and Chemistry” course of the 1st year of non-compulsory high school, 
have first filled in a diagnostics questionnaire with 5 free response questions about their 
knowledge on the topic and then a pre-post questionnaire with 4 free response questions. The 
results show that the proposed practical experience is effective since a statistically significant 
improvement is obtained both globally and in each of the questions of the questionnaire. The 
practical experience has also been highly valued by 38 students enrolled in the “Physics and 
Chemistry” specialisation of the Master in Secondary Education Teaching. 




In the education of responsible citizens, scientific 
literacy is fundamental, as well as for the socio-economic 
development of any country in the current globalized 
world (Hazelkorn et al., 2015). However, in recent years 
there has been a lack of interest for the science and 
technology subjects by the students, especially in physics 
and mathematics (Organisation for Economic Co-
operation and Development, 2006; Potvin & Hasni, 
2014), which could lead to a lower research and 
innovation capacity in the future for many countries 
(Rocard et al., 2007). 
During childhood, the students’ attitude towards 
science is positive. However, their disinterest increases 
with age, and they end up dropping out the science 
subjects (physics, chemistry, or mathematics) in the 
upper years of high school (George, 2006; Murphy & 
Beggs, 2006; Osborne et al., 1998; Simpson & Oliver, 
1990). Some of the causes of this disinterest are how 
science is usually taught, the negative image that 
students have of science (boring, difficult, useless and 
the cause of many environmental problems) or gender 
stereotypes (Osborne & Dillon, 2008). 
However, the student’s motivation and interest to 
study science can benefit from certain teaching 
methodologies (for example, through inquiry-based 
learning or relating what is learned in school with their 
daily life, etc.) (Hasni & Potvin, 2015). Therefore, since 
smartphones and/or tablets are usually available and 
students use them in their daily lives, nowadays there is 
the possibility of using these devices to carry out 
practical experiences in classrooms or laboratories. 
Practical experiences are essential to complement the 
conceptual contents, but not always the conditions in 
schools are ideal for carrying out traditional laboratory 
experiments. Therefore, physics and chemistry teachers 
can take advantage of the interest of their students in 
smartphones and tablets to propose practical 
experiences that use the sensors that these devices have 
(accelerometer, gyroscope, light sensor, etc.) as 
measurement tools both in the laboratory or classroom 
and in activities outside the classroom to increase their 
motivation (Kuhn & Vogt, 2013a). Thus, students can see 
that what they learn in their Physics classes can be 
applied in their daily life (González et al., 2015), which 
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has a positive influence on their motivation (Kuhn & 
Müller, 2015). 
Although currently there are many proposals for 
practical experiences in which smartphones and/or 
tablets are used as measurement tools on mechanics 
(Hochberg et al., 2014; Vieyra & Vieyra, 2014; Vogt & 
Kuhn, 2012a, 2012b, 2014), acoustics (González & 
González, 2016; Kuhn & Vogt, 2013b; Kuhn et al., 2014; 
Parolin & Pezzi, 2015, 2013) or optics (Sitar, 2012; 
Monteiro et al., 2017; REFERENCE 1), there are few 
works that have included them in teaching proposals 
(Buongiorno et al., 2019) or tested the effectiveness of 
these in the students’ learning of Physics (REFERENCE 
2). 
In the particular case of acoustics, despite its low 
presence in the physics curricula of high school, and 
sound often being treated as a particular case of waves, 
these contents are of great importance since they have 
applications in the life quality of people, their musical 
culture or the physiological knowledge of the human 
body. Thus, it would be necessary to include teaching 
proposals of physics that take advantage of the daily-life 
experiences of students to demonstrate the usefulness of 
these contents and overcome some of the difficulties 
students show with understanding this topic (Linder, 
1992; Merino, 1998; Perales Palacios, 1997). 
Therefore, the research goals of this work are the 
following: 
1) Carry out a diagnostic of the knowledge about 
sound of students of the 1st year of non-
compulsory high school. 
2) Design a practical experience on noise pollution 
based on the use of smartphones. 
3) Check whether the proposed practical experience 
helps students of the 1st year of non-compulsory 
high school to better understand the concepts 
related to this phenomenon, as well as check how 
it is valued by students enrolled in the “physics 
and chemistry” specialisation of the master in 
secondary education teaching. 
In order to do this, a short diagnostics questionnaire 
was used to check the students’ knowledge about sound. 
In addition, a sequence of activities has been carried out 
together with the practical experience based on the use 
of smartphones and a pre-post design has been carried 
out to evaluate whether it helps to improve the students’ 
learning about this subject. Finally, this sequence of 
activities has been evaluated by graduates (and even 
doctors) in physics, chemistry, etc. who are enrolled in 
the “Physics and Chemistry” specialisation of the Master 
in secondary education teaching. 
METHODOLOGY 
Context 
On the one hand, 112 students enrolled in the 
“physics and chemistry” course of the 1st year of non-
compulsory high school (17-18 years old) filled in the 
diagnostics questionnaire on their previous knowledge 
about sound, did the practical experience and filled in 
the pre-post questionnaire in order to check whether it 
helps to improve their learning about noise and noise 
pollution. 
On the other hand, 38 students enrolled in the 
“physics and chemistry” specialisation of the master in 
secondary education teaching filled in the questionnaire 
to evaluate this teaching proposal. 
Diagnostics of the High-School Students’ Previous 
Knowledge 
In order to check the students’ previous knowledge 
about sound, a diagnostic questionnaire was used. Table 
1 shows its questions, some of which correspond to some 
of the categories used by Perales Palacios (1997) for the 
detection of the students’ previous ideas on this topic: 
nature and description of sound, propagation of sound, 
and acoustic technology and applications. This 
questionnaire has five free-response questions: one 
about the nature of sound (D1), one about the 
propagation of sound (D2), one about the sound 
qualities that make it possible to distinguish sounds 
(D3), one about technological applications of sound (D4) 
and one about the perception of sound through the 
human ear (D5). 
This questionnaire was answered before carrying out 
the practical experience and the students’ answers were 
classified into the categories of complete, partially 
complete and incomplete according to the analysis 
criteria that are also shown in Table 1. For the statistical 
analysis of the questionnaire, the complete answers 
Contribution to the literature 
• A practical experience on noise pollution based on the use of smartphones as measurement tools was 
designed to help students to better understand the concepts related to this phenomenon. 
• The evaluation of the proposed practical experience with a pre-post questionnaire filled in by 112 students 
enrolled in the 1st year of non-compulsory high school showed a statistically significant improvement in 
their learning about noise and noise pollution. 
• The proposed practical experience was also highly valued by 38 students enrolled in the “Physics and 
Chemistry” specialisation of the Master in Secondary Education Teaching. 
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scored as 2, partially complete answers scored as 1 and 
incomplete answers scored as 0. 
Practical Experience on Noise Pollution 
A practical experience on noise pollution has been 
designed following the one proposed by Science on 
Stage Germany (Andrade et al., 2014) and is based on the 
use of the smartphone’s microphone and a specific app 
that allows access to the data recorded by this sensor. In 
this case, the Sound Meter app developed by Abc Apps 
has been used. This app, available for free for the 
Android operating system, measures the sound intensity 
level (SIL in dB) that exists in a specific place at a given 
time. 
The teaching proposal consists of 4 activities 
developed during 2 sessions of 1 hour each as well as 
outside the classroom. During the first session, before 
starting the practical experience, the basic concepts 
related to sound and noise pollution (definition and 
effects) are reviewed. The activities are described below: 
Activity 1. Calibration of the smartphone’s sound 
meter 
After explaining how to use the sound meter app, 
students must test whether the average values recorded 
over 30 s with their smartphones coincide with those 
obtained by other classmates or not. This experience is 
used to introduce the concept of calibration and its 
importance when it comes to comparing measurements 
made with different devices. The calibration of all the 
smartphones’ sound meter must be performed in a quiet 
spot in the school and using the YouTube video 
https://youtu.be/WJ9Go1PnAVA of pink noise (a 
“flat” or “even” sound to the human ear since all octave 
bands have the same sound level) as reference. Since the 
app should register a value of about 86 dB when keeping 
a distance of 1 meter between the smartphone and the 
speakers (power of 2-3 W) to the maximum volume 
level, students should keep their devices at this distance 
from the speakers and adjust the SIL measured by their 
smartphones with the “Calibrate” function of the app. 
Activity 2. Sound attenuation with distance 
Once students have become familiar with the use of 
the app and have calibrated their device, they check 
experimentally the sound attenuation with the square of 
the distance. To do this, students are asked first to 
estimate the SIL that is expected to be measured at 
certain distances from the speakers for the pink noise 
YouTube video. Next, students are asked to stand at 
Table 1. Questions and analysis criteria of the diagnostic questionnaire 
D1. Could you explain with your own words what sound is? 
Complete Defining sound as a longitudinal wave or a pressure wave. 
Partial Associating sound with a wave, without knowing which type it is, or stating that sound is a disturbance. 
Incomplete Defining sound subjectively just as a sensation in the ear or not answering the question. 
D2. In the Episode IV of Star Wars, Luke Skywalker blows up the enemy ship known as The Death Star, do you think 
Luke heard the explosion of the Death Star just the same as he would have heard it on Earth? 
Complete Stating that nothing can be heard in space since there is no medium that allows waves to travel. 
Partial Stating that nothing can be heard in space, but not explaining the reason why. 
Incomplete Stating that sound is heard in space just the same as on Earth or not answering the question. 
D3. Could you distinguish the same note played on a piano and on a guitar? Or between the same note played on a 
trumpet and a violin? Why? 
Complete Identifying timbre as what makes both instruments to have a different sound. 
Partial Stating that both instruments can be distinguished by some property of sound, but not identifying timbre 
as the responsible. 
Incomplete Stating that both instruments cannot be distinguished or that they can be distinguish by the sound 
intensity or frequency or not answering the question. 
D4. Doctors often use a stethoscope to listen to the internal sounds of their patients such as their breathing or heartbeat. 
Could you explain how a stethoscope works? 
Complete Stating that the stethoscope uses the transmission of sound through a medium to allow the internal 
sounds of the body to be heard. 
Partial Relating the working of the stethoscope and the fact that sound is a longitudinal wave, but not explaining 
how the stethoscope works. 
Incomplete Stating that the stethoscope amplifies the sound intensity or concentrates the sound waves or not 
answering the question. 
D5. One of the most used tools to train dogs is an ultrasonic whistle, could you explain why this instrument does not 
disturb people? Or it does? 
Complete Stating that ultrasound is outside the range of frequencies that can be heard by the human ear (20 Hz to 
20 kHz). 
Partial Relating it with the perception of sound through the ear, but not to the range of frequencies that can be 
heard by the human ear. 
Incomplete Stating that ultrasound can be irritating for the human ear or not answering the question. 
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those same distances from the speakers and record the 
mean value of the SIL measured over 30 s with their 
smartphones. Finally, students are asked to draw 
conclusions about the estimated and measured values, 
as well as on the sound attenuation with the distance to 
its emitting source. 
Activity 3. Sound map 
Students are asked to measure with their 
smartphones and record the mean value of the SIL over 
30 s in different points within the school (classrooms, 
corridors, schoolyard, etc.) and its surrounding area 
(streets, parks, etc.) over the next few days at different 
times. These values will allow students to create a sound 
map of the school and its surrounding area. 
Activity 4. Group discussion 
Finally, to conclude the practical experience, a group 
discussion is held to draw conclusions about the results 
obtained in the sound map and the issue of noise 
pollution. To do this, students are asked the following 
questions: Which are the noisiest points and times within 
the school? Which are the noisiest points and times 
within the school’s surrounding area? Could the school 
be considered a source of noise pollution? What 
measures could be taken to reduce noise levels within 
and around the school? 
Evaluation of the High-School Students’ Learning 
Through the Practical Experience 
In order to check whether the proposed practical 
experience helps to improve the students’ learning about 
noise and noise pollution, a pre-post design was used. 
Table 2 shows the four free-response questions of this 
questionnaire: one about the concept of noise pollution 
(Q1), one about its sources (Q2), one about its effects (Q3) 
and one about the decibel unit of measurement (Q4). The 
students’ answers were classified into the categories of 
complete, partially complete and incomplete according 
to the analysis criteria that are also shown in Table 2. 
This questionnaire was answered before carrying out 
the practical experience (pre-test) and after 15 days had 
elapsed (post-test). Thus, the results obtained in the post-
test will be compared with those of the pre-test, both 
globally and question by question, to check if there are 
significant differences between the two. For the 
statistical analysis of the questionnaire, the complete 
answers scored as 2, partially complete answers scored 
as 1 and incomplete answers scored as 0. 
Evaluation of the Practical Experience by Students of 
the Master in Secondary Education Teaching 
In order to have students of the “physics and 
chemistry” specialisation of the master in secondary 
education teaching to evaluate the proposed practical 
experience, the questionnaire shown in Table 3 was 
used. This questionnaire contains three scale questions 
(from 0, strongly disagree, to 10, strongly agree) and 
three free-response questions: one scale question about 
methodological aspects of the proposal (P1), one scale 
question about the contents of the proposal (P2), one 
free-response question about positive and negative 
aspects of the proposal (P3), two free-response questions 
about possible changes to the proposal (P4 and P5) and 
one scale question about the overall proposal (P6). 
This questionnaire was answered after the Master’s 
students carried out the practical experience during their 
training, in a single 2-hour session in which the basic 
concepts related to sound and noise pollution were 
reviewed, the smartphone’s sound meter was calibrated, 
the sound attenuation with the square of the distance 
was checked, measurements of sound intensity levels 
Table 2. Questions and analysis criteria of the questionnaire for the evaluation of the students’ learning 
Q1. We use the term noise to refer to an unpleasant sound, do you think that living surrounded by noise can affect you? 
Why? 
Complete Affirmative answer relating noise to health effects and psychological disorders. 
Partial Affirmative answer but relating noise only to health effects or psychological disorders. 
Incomplete Negative answer. 
Q2. Which sources of noise pollution do you know? 
Complete More than 2 sources of noise pollution. 
Partial 1 or 2 sources of noise pollution. 
Incomplete 1 source of noise pollution or none. 
Q3. Which effects can noise pollution have? 
Complete Examples related to auditory and non-auditory effects of noise. 
Partial Examples related only to auditory or non-auditory effects of noise. 
Incomplete Stating that noise pollution has no effect on humans. 
Q4. What are decibels? Explain how they are related to sound. 
Complete Defining decibels as a unit of measurement of sound intensity levels on a logarithmic scale and citing the 
human auditory range (0-120 dB). 
Partial Defining decibels as a unit of measurement of sound intensity levels on a logarithmic scale or citing the 
human auditory range (0-120 dB). 
Incomplete Not relating decibels to sound intensity levels. 
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were made with smartphones in different points within 
the building and its surrounding area, and a group 
discussion was held to draw conclusions. 
RESULTS AND DISCUSSION 
Diagnostics of the High-School Students’ Previous 
Knowledge 
The diagnostic questionnaire has five questions with 
complete (2), partially complete (1) and incomplete (0) 
answers, so its maximum score is 10 and its minimum 
score is 0. In this case, the global mean obtained by the 
students enrolled in the “Physics and Chemistry” course 
of the 1st year of non-compulsory high school is 3.1 (with 
a standard deviation, SD, of 1.7), which indicates that 
they have a poor previous knowledge about sound. 
Figure 1 shows the percentages of complete, partially 
complete and incomplete answers given by the students 
in the diagnostic questionnaire. The best results are 
obtained for the questions about the propagation of 
sound (D2) and the perception of sound through the 
human ear (D5). In question D2, 20.5% of students give 
a complete answer stating that sound needs a medium 
to travel through (e.g., “Luke wouldn’t hear the explosion 
because sound cannot travel in space since there’s no air in it”) 
and 78.6% state that nothing can be heard in space, 
although they do not know to explain why (partially 
complete answers such as “He didn’t hear it because sound 
doesn’t travel in space”). In question D5, 20.5% of students 
know that ultrasound is outside the range of frequencies 
that can be heard by the human ear (e.g., “That whistle 
produces sounds with frequencies so high that people cannot 
hear them”) and 43.8% of students know that ultrasound 
cannot be detected by humans, although they cannot 
relate it to the range of frequencies that can be heard by 
the human ear (e.g., “The whistle doesn’t disturb people 
because humans cannot hear its sounds”). In the question 
about the nature of sound (D1), 78.6% of students 
associate sound with a wave, although without 
specifying which type it is (e.g., “Sound is a vibration that 
propagates as a wave”), with only 2.7% specifying that 
sound is a longitudinal or pressure wave (e.g., “Sound is 
the transmission of waves by the vibration of air molecules that 
can be perceived through the ear”). In the question about the 
sound qualities that make it possible to distinguish 
sounds (D3), 41.1% of students state that sounds 
produced by different musical instruments can be 
distinguish by some property of sound, but they are 
unable to specify which one (e.g., “The sound of each 
instrument is different even if it is the same note”), and only 
6.3% of students know that timbre is the sound quality 
that makes it possible to distinguish the same note when 
played by different musical instruments (e.g., “It sounds 
differently because, although the note is the same, the timbre 
of both instruments is different”). The worst results are 
obtained for the question about the technological 
applications of sound (D4) since 76.8% of students are 
not able to relate the propagation of sound through a 
medium with the operation principle of a stethoscope 
(e.g., “It receives the heart’s vibrations and transforms them 
into sound”). 
Table 3. Questionnaire for the evaluation of the practical experience by students of the master in secondary education 
teaching 
P1. Rate from 0 (strongly disagree) to 10 (strongly agree) the following methodological aspects of the practical experience 
on noise pollution with smartphones: 
1) It helps to detect and correct errors. 
2) It helps to acquire scientific knowledge. 
3) It helps students to become familiar with scientific methodology. 
4) It shows Science-Technology-Society (STS) relationships. 
5) It encourages the students’ participation. 
6) It increases the students’ interest in science. 
P2. Rate from 0 (strongly disagree) to 10 (strongly agree) the following aspects about the contents of the practical 
experience on noise pollution with smartphones: 
1) It takes into account the students’ previous ideas about waves and sound. 
2) It adequately presents the concept of noise pollution. 
3) It links theory and practice. 
4) It adequately explains the relationship between sound intensity levels measured at different distances. 
5) It adequately presents the concept of decibel. 
P3. Indicate other positive or negative aspects that you have found in this practical experience on noise pollution with 
smartphones. 
P4. Which activities would you eliminate or change? 
P5. What kind of activities would you use to replace the previous ones? 
P6. Rate from 0 (strongly disagree) to 10 (strongly agree) your agreement with the following statements: 
1) This topic can be eliminated from the Secondary Education curriculum. 
2) The theory of this topic is very complicated. 
3) This topic is not related with the students’ reality. 
4) This topic is not linked with the other Physics topics studied in the Secondary Education. 
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Evaluation of the High-School Students’ Learning 
Through the Practical Experience 
The questionnaire used in the pre-post design has 4 
questions with complete (2), partially complete (1) and 
incomplete (0) answers, so its maximum score is 8 and 
its minimum score is 0. In this case, the global mean 
obtained by the students enrolled in the “Physics and 
Chemistry” course of the 1st year of non-compulsory 
high school in the pre-test is 2.9 (SD = 1.4) and 4.5 (SD = 
1.4) in the post-test. Therefore, a slight increase is 
observed in the global score obtained by the students in 
the questionnaire after carrying out the practical 
experience on noise pollution based on the use of 
smartphones. However, statistical tests should be 
carried out to check if these differences between the 
global means of the pre-test and the post-test are 
statistically significant. 
Since the samples are paired (pre-post design) and do 
not follow a normal distribution (according to the 
Kolmogorov-Smirnov test, with p <0.05), the non-
parametric Wilcoxon signed-rank test was used, with the 
following result: Z = -7.508, p <0.05. Therefore, there are 
statistically significant differences between the global 
means of the pre-test and the post-test, so there has been 
a significant improvement when carrying out the 
practical experience on noise pollution based on the use 
of smartphones. Furthermore, a value of 0.5 is obtained 
for the size effect, which indicates a large effect. 
Figure 2 shows the percentages of complete, partially 
complete and incomplete answers given by the students 
in the pre-post questionnaire. In the question about the 
concept of noise pollution (Q1), the percentage of 
incomplete and partially complete answers (e.g., “Yes, 
because it can cause stress”) decreases in the post-test 
(from 14.3% to 3.6% and from 68.8% to 57.1%, 
respectively), thus increasing the percentage of complete 
answers (such as “Yes, because it can increase the stress 
level, as well as producing hearing loss”, from 17% to 39.3%). 
In the question about sources of noise pollution (Q2), the 
percentage of incomplete answers (e.g., “cars” or 
“traffic”) decreases considerably in the post-test (from 
37.5% to 9.8%) while the percentage of partially complete 
answers (e.g., “traffic, roadworks”) decreases slightly 
(from 19.6% to 18.8%), thus increasing the percentage of 
complete answers (such as “cars, loud music, airports, busy 
streets...”, from 42.9% to 71.4%). In the question about the 
effects of noise pollution (Q3), the percentage of 
incomplete answers (e.g., “I don’t know”) decreases 
considerably in the post-test (from 34.8% to 8.9%), thus 
increasing the percentage of complete answers (such as 
“It can cause headaches, insomnia, dizziness, and hearing 
loss”, from 5.4% to 26.8%) and the percentage of partially 
complete answers (such as “It may cause hearing loss” or 
“It causes stress”, from 59.8% to 64.3%). In the question 
about the decibel unit of measurement (Q4), the 
percentage of incomplete answers (e.g., “Decibels measure 
the number of vibrations per second that a wave has” or “dB 
are the units of the speed of sound”) decreases in the post-
test (from 92% to 67%), increasing considerably the 
percentage of partially complete answers (such as 
“Decibels are the unit of measurement of sound intensity on a 
logarithmic scale”, from 8% to 32.1%) although the 
percentage of complete answers (e.g., “Decibels measure 
the sound intensity, which humans hear from 0 to 120 dB on 
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a logarithmic scale”) increases very slightly (from 0 to 
0.9%). 
In order to check whether the differences observed 
between the pre-test and the post-test for each question 
of the questionnaire are statistically significant, the non-
parametric Stuart-Maxwell test was used. Table 4 shows 
the statistical significance and size effect for each 
question of the pre-post questionnaire. There are 
statistically significant differences for each question with 
values of the r size effect between 0.3 and 0.4, which 
indicate a moderate effect (Rosenthal, 1994). Therefore, 
there has been a significant improvement when carrying 
out the practical experience on noise pollution based on 
the use of smartphones for every aspect considered in 
the questionnaire, especially those related with the 
sources and effects of noise pollution. 
Evaluation of the Practical Experience by Students of 
the Master in Secondary Education Teaching 
The questionnaire to evaluate the practical 
experience on noise pollution based on the use of 
smartphones by the students of the “physics and 
chemistry” specialisation of the master in secondary 
education teaching has three scale questions (from 0, 
strongly disagree, to 10, strongly agree) and three free-
response questions. 
Regarding the methodological aspects of the 
proposed practical experience (P1), in general, the 
master’s students strongly agree with each of the six 
items of the question, obtaining mean scores higher than 
7.5 in every one of them (Table 5). The best valued 
aspects, with mean scores of 9.3 and 9.2 respectively, are 
that the proposal encourages the students’ participation 
(item 5) and that it shows STS relationships (item 4). 
Other methodological aspects of the practical experience 
that have been highly valued are that it helps to acquire 
scientific knowledge (item 2) and that it helps students 
to become familiar with scientific methodology (item 3), 
with a mean score of 8.5, and that it increases the 
students’ interest in science (item 6), with a mean score 
of 8.2. The worst valued methodological aspect is that 
which refers to the detection and correction of errors, 
with a mean score of 7.8. 
The master’s students strongly agree too with the five 
items of the question about the contents of the proposal 
(P2), obtaining mean scores higher than 7 in every one of 
them (Table 5). The best valued aspect, with a mean score 
of 9.0, is that the proposal links theory and practice (item 
3). Other aspects about the contents of the practical 
 
Figure 2. Percentage of answers given by the students in the pre-post questionnaire 
Table 4. Statistical significance and size effect for each question of the pre-post questionnaire 
Question p Statistically significant difference (p < 0.05) Size effect 
Q1 0.00011 yes 0.29 medium 
Q2 1.64e-08 yes 0.39 medium 
Q3 9.89e-08 yes 0.37 medium 
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experience that have been highly valued are that it 
adequately presents the concept of noise pollution (item 
2), with a mean score of 8.8, that it adequately explains 
the relationship between sound intensity levels 
measured at different distances (item 4), with a mean 
score of 8.7, and that it adequately presents the concept 
of decibel (item 5), with a mean score of 8.4. The worst 
valued aspect about the proposal’s contents is the one 
referring to whether it takes into account the students’ 
previous ideas about waves and sound (item 1), with a 
mean score of 7.3. 
When asked about positive or negative aspects of the 
proposal on noise pollution with smartphones (P3), the 
master’s students highlighted as positive aspects that “it 
helps to understand the concepts in a more dynamic and 
enjoyable way” (15 responses), “it motivates students with 
the use of smartphones” (14 responses), “it shows STS 
relationships” (11 responses), “it uses simple materials” (8 
responses) and “it is a practical experience” (5 answers). As 
negative aspects, they mainly highlighted that the 
proposed practical experience “is difficult to carry out with 
large groups of students” (10 responses), “the use of 
smartphones in high schools can be an issue” (9 responses), 
“more theoretical content is needed about waves and sound in 
the proposal” (7 answers) and “more time is needed” (5 
answers). 
When asked about which activities the master’s 
students would eliminate or change from the proposal 
(P4) and what kind of activities would they use to 
replace them (P5), there was less consensus. Some of the 
proposed changes included “making fewer repetitions of 
the measurements” (4 answers), “eliminating the creation of 
the sound map of the school” (4 answers), “including a 
motivating introduction at the beginning of the practical 
experience” (3 answers) or “making measurements in more 
locations” (2 answers). The different activities proposed 
by the master’s students included “making measurements 
outside the school” (20 responses), “making measurements of 
daily activities (listening to music, watching television, etc.)” 
(5 answers) or “proposing an activity to check the students’ 
previous ideas on the subject” (2 answers). 
Finally, the master’s students strongly disagree with 
each of the four items of the question about general 
aspects of the proposal (P6), obtaining mean scores 
lower than 3 in every one of them (Table 5). The items 
valued with a lower score, 1.2 and 1.6 respectively, are 
those that state that the topic of the practical experience 
is not related with the students’ reality (item 3) and that 
it can be eliminated from the secondary education 
curriculum (item 1). The items valued with a higher 
score, 2.6 and 2.9 respectively, which still express a 
strong disagreement, are those that state that the topic of 
the practical experience is not linked with the other 
Physics topics studied in the Secondary Education (item 
4) and that the theory of this topic is very complicated 
(item 2). 
CONCLUSIONS 
In order to improve the students’ motivation and 
interest towards Physics, practical experiences based on 
the use of the ubiquitous smartphones as measurement 
tools have been lately proposed. Thus, a practical 
experience on noise pollution based on the use of 
smartphones was designed to help students to better 
understand the concepts related to this phenomenon. 
The proposed activities allow students to calibrate the 
smartphone’s sound meter, check the sound attenuation 
with the square of the distance, use their smartphones to 
measure sound intensity levels in different places to 
create a sound map of their school and surrounding area, 
and draw conclusions though a group discussion about 
their results and the issue of noise pollution. 
First, a diagnostic of the students’ knowledge about 
sound was carried out with a questionnaire which was 
filled in by 112 students of the 1st year of non-
compulsory high school. Results show important 
shortcomings in the students’ knowledge about this 
phenomenon: they associate sound with a wave, 
although without specifying which type; they know that 
sound needs a medium to travel through; they know that 
ultrasound cannot be detected by humans, although 
they cannot relate it to the range of frequencies that can 
be heard by the human ear. Besides, students hardly 
know any technological applications of sound and they 
have trouble relating sound qualities with real sounds 
such as those from musical instruments. These results 
show the effects that the elimination of this topic from 
the current Spanish secondary education compulsory 
curriculum has on the students’ knowledge about sound 
since they will not study this phenomenon until they are 
in the 2nd year of non-compulsory high school, and only 
those that choose physics as an optional subject. 
Table 5. Mean score (and standard deviation) for each item of questions P1 (methodological aspects), P2 (contents) and P6 
(overall proposal) of the questionnaire for the students of the “physics and chemistry” specialisation of the master in 
secondary education teaching 
P1 item mean (SD) P2 item mean (SD) P6 item mean (SD) 
1 7.8 (1.2) 1 7.3 (1.6) 1 1.6 (1.6) 
2 8.5 (0.9) 2 8.8 (1.1) 2 2.9 (1.9) 
3 8.5 (1.0) 3 9.0 (1.1) 3 1.2 (1.4) 
4 9.2 (1.1) 4 8.7 (1.2) 4 2.6 (2.0) 
5 9.3 (1.2) 5 8.4 (1.3)   
6 8.2 (1.2)     
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An evaluation of the proposed practical experience 
was also carried out with a pre-post questionnaire, 
which was filled in by the same 112 students of 1st year 
of non-compulsory high school, to check whether this 
proposal helps students to better understand the 
concepts of sound and noise pollution. Results show a 
statistically significant improvement between the global 
means of the pre-post questionnaire with a large size 
effect, which indicates that the proposed practical 
experience on noise pollution with smartphones helps to 
improve the students’ learning about this phenomenon. 
Besides, statistically significant differences are also 
observed for each of the questions in the pre-post 
questionnaire, with a moderate size effect. Therefore, 
results have confirmed that the proposed practical 
experience can help students to improve their 
knowledge about what noise pollution is, its sources and 
effects, as well as the decibel unit of measurement. 
Nevertheless, there is still plenty of work to be done 
since, although in the literature published in recent years 
there are numerous proposals of practical experiences 
based on the use of smartphones and/or tablets, many 
of them have not been developed as specific Physics 
teaching proposals nor has its effectiveness in the 
students’ learning been evaluated. 
Finally, 38 students enrolled in the “physics and 
chemistry” specialisation of the master in secondary 
education teaching evaluated the proposed practical 
experience on noise pollution with smartphones. The 
proposal was highly valued, with the best considered 
aspects being that it encourages the students’ 
participation, it links theory and practice, and it shows 
STS relationships. Thus, the proposed practical 
experience not only improves the high school students’ 
knowledge about noise pollution, but also allows them 
to think about the effects that science and technology 
have on society, a necessary aspect in the education of 
citizens who are expected to be responsible and 
respectful with the environment. 
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